Abstract This paper investigates the impact of trade openness on CO 2 emissions using time series data over the period of 1970QI-2011QIV for Malaysia. We disintegrate the trade effect into scale, technique, composition, and comparative advantage effects to check the environmental consequence of trade at four different transition points. To achieve the purpose, we have employed augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests in order to examine the stationary properties of the variables. Later, the long-run association among the variables is examined by applying autoregressive distributed lag (ARDL) bounds testing approach to cointegration. Our results confirm the presence of cointegration. Further, we find that scale effect has positive and technique effect has negative impact on CO 2 emissions after threshold income level and form inverted U-shaped relationship-hence validates the environmental Kuznets curve hypothesis. Energy consumption adds in CO 2 emissions.
Introduction
Today, developed world is in favor of opening economies as well as for more trade openness, as trade openness has beneficial impact on economic growth. This rising level of trade openness has started the debate that changing trade pattern may bring environmental changes in the globe of world. Following standard Heckscher-Ohlin model of trade, a country having relatively low factor price ratio would be relatively environment abundant. Trade openness would increase specialization in pollution-intensive products. This environment detrimental shift in the composition of output lies behind the popular concern. Yet, following the Stolper-Samuelson theorem, the price paid for using environment would be bid-up and all firms would shift to less-pollution-intensive production techniques. In the standard Heckscher-Ohlin model, there would be no change in the overall use of environment (Khalil and Inam 2006; Halicioglu 2009; Managi et al. 2009; Baek et al. 2009 ). Grossman and Krueger (1991) started the debate that trade openness has significant impact on environmental quality. The proponents of trade openness treat quality of environment as a normal good, as the level of traded income rises, people attached with this income demand clean environment. The authorities discourage the old and outdated techniques of production. The proponents of trade openness suppose that trade openness creates win-win situation which improves the economy and environment as a whole. But on other hand, opponents of trade openness claim that trade openness stimulates economic activity and quality of environment is deteriorated if the techniques of production are unchanged. They suppose that if quality of environment is a normal good, then firms in developing countries move toward lower standard of production due to relax rules and regulations of environment. This process may raise distribution of income at world level; trade openness favors growth of pollutionintensive industries in case of developing countries, as developed countries enforce strict environmental regulations, thereby having a significant adverse effect on environmental quality (Copeland and Taylor 1994a, 2004; Copeland 2005) .
Although theoretical relationship between trade openness and environmental quality is not clear, but developed countries have recently raised concerns over the dirty industries of developing countries, as it changes the structure of comparative advantages. Firms in developed countries have to face strict domestic environmental regulations compared to developing countries. But, on other hand, developing countries are concerned that trade liberalization will promote specialization in dirty industries, thus aggravating environmental damage (Dean, l992) . The modern world is now divided into trade blocks, and trade openness has the potential to affect not only socio-economic well-being of the nations in trade block, but also environmental quality enjoyed by all states involved in the agreements; that such a trade-environment relationship exists is well established and widely accepted (McArthur and Sachs 2001; Todaro and Smith 2002; Baylis and Smith 2005) . Such type of relationship is visible in trade liberalization agreements among countries with a marked developmental imbalance.
There is a wide range of literature available that empirically investigates trade-emissions nexus; however, the findings have been conflicting (Shahbaz et al. 2013a, b, c; Ahmed et al. 2015) . For example : Managi (2004) explores the environmental consequence of trade liberalization and found positive elasticity for both developing and developed countries, but the later study of Frankel and Rose (2005) concludes that trade openness reduces emissions. Managi et al. (2009) argue that environmental repercussions of trade depend upon the economic structure of the country and pollutants. Hence, the literature reveals that in order to examine whether trade detriments environment, country-specific study is required and CO 2 emission is found with the highest concentration in the developing countries i.e., Malaysia. The recent studies of Sbia et al. (2014) and Farhani and Ozturk (2015) indicate that environmental consequence of trade may also vary due to scale, technique, and composition effects in a particular country. However, their theoretical statement is assessed in this study. Malaysia's emissions profile is influenced by several development indicators. For example; the results of Solarin (2014) conclude that tourists significantly contribute to pollution in Malaysia, Bekhet and Yasmin (2013) found that energy consumption increases pollution both in long run and short run, Agus et al. (2013) conclude that palm oil industry also increases pollution, and Begum et al. (2015) found that GDP growth leads to pollution intensity in long run. However, trade openness has mixed results on environmental quality of Malaysia. Saboori et al. (2012) conclude that trade openness is not the major contributing factor in Malaysia, whereas Solarin (2014) found that Malaysia's exports to Singapore have positive correlation with CO 2 emissions. Although ample literature has investigated the growth-environment nexus in case of Malaysia, but due to involvement of several development indicators, the country's emission profiles require further empirical investigations. The impact of trade liberalization mainly depends on the simultaneous growth in technical knowhow and institutional quality. Hence, Malaysian government claims substantial investment on research and development in order to control the potential environmental degradation caused by the industrialization. Hence, whether the government initiative is going in the right direction and has potential to accomplish desired environmental friendly sustainable development goal for Malaysia is still in question. This study explores the impact of trade openness on environment using decomposed environmental Kuznets curve (EKC) hypothesis i.e., scale, technique, and composition effects. Moreover, the comparative advantage effect is an additional exogenous factor.
The aim of this study is to examine the effect of trade openness on CO 2 emissions. As an individual country, level of income as well as the composition of traded commodities and level of emission intensity can give better understanding about the effect of trade openness on CO 2 emissions (Baek et al. 2009 ). This study is a healthy contribution toward respective literature by four folds: (i) it is pioneering effort investigating the relationship between trade openness and CO 2 emissions by adding scale, technique, composite, and comparative advantage effects in CO 2 emission function, (ii) the bounds testing approach is applied for checking the presence of cointegration between the variables along with test of unit root properties of the series, and (iii) the long-run and shortrun elasticities have been investigated by applying OLS and ECM approaches. Finally, cause and effect between trade openness and CO 2 emissions is examined by employing the vector error correction model (VECM) Granger causality test. We find that scale effect increases CO 2 emissions, but technique effect reduces CO 2 emissions. Energy consumption adds in CO 2 emissions. The composition effect lowers CO 2 emissions. Trade openness (trade effect) lowers CO 2 emissions, but comparative advantage effect increases CO 2 emissions. The causality analysis reports the bidirectional between energy consumption and CO 2 emissions. The composition effect, trade effect, and comparative advantage effect cause energy consumption and, hence, CO 2 emissions.
Literature review
The existing empirical literature on trade-emissions nexus has provided mixed results, and a mutual consensus has not been developed yet. Initially, Grossman and Krueger (1991) started debate on the relationship between trade openness and environmental quality. Later on, Lucas et al. (1992) examined the impact of trade openness on growth of toxic intensity of output. They found that rapidly growing economies increased their trade openness which further reduces toxic intensity of output. Grossman and Krueger (1994) analyzed the relationship between trade openness and environmental quality in case of Mexico and its Northern neighbors. Their results showed that trade openness increases Mexican specialization in unskilled labor-intensive industries, which in turn causes a reduction in environmental pollution. Trade openness is helpful in improving quality of environment via income growth, but strict regulations about environment quality increase efficiency and encourage innovations. This process further has a positive affect for a firm's competitiveness and enhanced trade volume (Porter and van der Linde 1995) . Gale and Mendez (1998) investigated the linkages between trade openness, economic growth, and environment quality and found that rising level of income has detrimental impact on quality of environment, but trade openness has insignificant relationship with quality of environment. Dean (2002) analyzed the effect of trade openness on environment and noted that rising level of trade openness in international markets aggravates environmental damage via terms of trade but mitigates it via income growth (Ang 2008; Jalil and Mahmud 2009; Menyah and Wolde-Rufael 2010; Ghosh 2010; Chang 2010; Ozturk 2010) . Levinson and Taylor (2001, 2008) found that strict environmental regulations are associated with larger net imports. So, foreign direct investment and quality of environment in case of developing countries have received less attention. There are numbers of other studies which investigate that CO 2 emissions and trade openness have long-run relationship (Lee et al. 2009; Narayan and Narayan 2010; Bhattacharyya and Ghoshal 2010; Shahbaz et al. 2015b ).
Liddle (2001), Antweiler et al. (2001), and Frankel and Rose (2005) found that trade openness is good for environmental quality in case of developing and developed nations. On contrary, Kukla-Gryz (2009) supported that trade openness increases the level of air pollution in case of developing nations at first stage of economic growth. Moreover, Low and Yeats (1992) , Mani and Wheeler (1998) , Dinda and Coondoo (2006) , and Baek et al. (2009) mentioned that free trade may have detrimental impacts on environment in case of developing countries, but trade openness may increase environmental quality in developed countries. Managi et al. (2009) examined the relationship between trade openness, economic development, and environmental quality using the instrumental variables for OECD and non-OECD countries. They found that trade openness is beneficial for environmental quality via lowering CO 2 emissions in OECD countries but increases CO 2 emissions in non-OECD countries. But, Iwata et al. (2012) reported that trade openness affects CO 2 emissions in OECD countries insignificantly. Halicioglu (2009) investigated the causal relationship between CO 2 emissions, energy consumption, economic growth, and trade openness using Turkish data. The results indicated that trade openness leads to CO 2 emissions, and economic growth and energy consumption are also contributing factors to CO 2 emissions. But, Cole (2004) noted that developing countries do not follow rules and regulations of WTO, and as a result, trade openness reduces quality of environment there. Takeda and Matsuura (2006) exposed how quality of environmental is affected by trade openness of Bdirty^goods in case of East Asian countries over the period of 1988-2000. Their empirical findings indicate that increasing exports in dirty industries to Japan and domestic industrialization in East Asia tend to raise CO 2 emissions in East Asian countries, while dirty imports from Japan and the USA do not affect CO 2 emissions in the area. Temurshoev (2006) analyzed the relationship between trade openness and quality of environment in developing economies. The results indicated that correlation between capital intensity and pollution intensity of production was small and thus raised doubts about the existence of factor endowment hypothesis. But, other studies found that differences in environmental regulations across countries are a significant determinant of trade flows (Van Beers and Van den Bergh 1997; Harris and Sollis 2003; Busse 2004) . However, the arguments based on the pollution haven hypothesis 1 have also provided sufficient room for researchers to investigate the trade-induced emissions in developing countries (Temurshoev 2006; Dietzenbacher and Mukhopadhyay 2007; Kearsley and Riddel 2010) . Baek and Koo (2008) examined that foreign direct investment (FDI) inflow impacts environmental quality in China. Cole and Elliott (2003) used Chinese cities data and concluded that the environmental effect of FDI inflows from Hong Kong, Macao, and Taiwan and other foreign economies could be beneficial, detrimental, or neutral, depending on the pollutants being considered. Naranpanawa (2010) examined the causality between trade openness and CO 2 emissions in case of Sri Lanka. The empirical results reported the presence of cointegration between the series. The causality analysis unveiled that trade openness is Granger cause of CO 2 emissions in long run, but in short run, trade openness Granger causes CO 2 emissions. For Tunisian economy, Chebbi et al. (2010) examined the relationship between trade openness and CO 2 emissions. They found that trade openness increases CO 2 emissions and the unidirectional causal relation exists running from trade openness to CO 2 emissions. Forslid et al. (2011) explained that how international trade affects environmental quality? They argued that international trade eases the firms to shift their economic activities to those countries where environmental regulations are relaxed. Their empirical evidence reported that competitive firms invest more in energy-efficient technologies and emit very less energy pollutants which save environment from degradation. Hoa (2012) applied economic integration model to examine the relationship between trade liberalization and CO 2 emissions for Chinese economy. The results show that economic growth is detrimental to environment, but trade openness benefits it. Similarly, Gu et al. (2013) reported trade openness Granger CO 2 emissions. Kohler (2013) examined the relationship between trade liberalization, energy consumption, economic growth, and CO 2 emissions for South A f r i c a . T h e r e s u l t s c o n f i r m e d t h e p r e s e n c e o f cointegration between trade openness and CO 2 emissions, and the bidirectional causality is validated between trade openness and quality of environment. In case of United Arab Emirates, Shahbaz et al. (2014c) used CO 2 emission function and reported that exports have positive impact on CO 2 emissions while the feedback effect exists in exports and CO 2 emissions.
In case of Malaysia, various authors partially examined the effect of trade openness on CO 2 emissions and listed down ambiguous empirical evidence. For example, Shahbaz et al. (2013a, b, c) investigated whether trade openness affects CO 2 emissions. They found that trade openness deteriorates CO 2 emissions. Later on, Lau et al. (2014) examined the causal relationship between trade openness and CO 2 emissions. They noted that the variables are cointegrated for long run and trade openness Granger causes economic growth and, hence, CO 2 emissions. In other Asian countries such as Thailand, Arouri et al. (2014) reported that trade openness impedes environmental quality and the bidirectional causal relationship exists between both the variables. Shahbaz et al. (2014a, b) unveiled that trade openness increases CO 2 emissions, but the neutral effect exists between trade openness and CO 2 emissions in case of Bangladesh and Tunisia. Similarly, Tiwari et al. (2013) reported the positive impact of trade openness on CO 2 emissions and feedback effect between both the variables. Shahbaz et al. (2012b, c) and Ahmed and Long (2013) noted that trade openness lowers CO 2 emissions, but Nasir and Rehman (2011) reported that trade openness deteriorates environmental quality in Pakistan.
2 . Shahbaz et al. (2015a) exposed the relationship between trade openness (measuring by globalization index) and environmental degradation for Indian economy, and they noticed that trade openness harms environmental quality in India.
3 Recently, Ibrahim and Law (2015) incorporated the role of institutions in trade-emission nexus for Sub-Saharan African countries. They found that trade-emission nexus is sensitive with institutional quality, i.e., countries where institutional quality is good, and trade is less harmful for environmental quality and vice versa.
Empirical modeling and estimation strategy
The objective of present paper is to test the effect of trade openness on CO 2 emissions via scale, technique, composite, and comparative advantage effects. Keeping in view of Malaysia's export led growth economic structure, we assume energy consumption has a significant role to play in such scenario. However, trade openness does not only increase energy consumption, but also sufficient liberalization enhances energy efficiency through spillover effect of technological change in an economy. Similarly, the environmental impact of economic growth and trade openness changes as economy passes transition phase. In this regard, EKC hypothesis provides standard tool to check inverted U relationship between growth and environment. Considering the trade openness as exogenous variable, Cole (2006) suggests that trade openness induces energy-efficient technology transfer, mass awareness to demand for clean environment, and government policy direction toward environmental friendly economic policies. The environmental consequence of trade through energy consumption is varied through income effect, technique effect, and composition effect (Jena and Grote 2008) . The effect of comparative advantage on environment depends upon combined effect of overall composition of trade of a country. Following Cole (2006) , the general functional form of model is given below:
We have transformed the variables into logarithmic form, and empirical form of model is given as follows:
where lnC t is the natural log of CO 2 emissions per capita, lnY t (lnY t 2 ) is the natural log of real GDP per capita (square term of real GDP per capita), lnE t is the natural log of energy consumption per capita, lnK t is the natural log of capital-labor ratio, lnO t is the natural log of real trade openness (real exports + real imports), and lnK t .O t is the natural log of interaction between capital-labor ratio and trade openness. The μ t is the error term with normal distribution. The data on CO 2 emissions (metric tons), real GDP, energy consumption (kt of oil equivalent), gross fixed capital formation, labor force, real exports, and real imports is collected from World Development indicators (2014). We have employed population series to convert all the variables into per capita units. The study has used the time period of 1970QI-2011QIV. 4 In order to investigate the long-run association among the variables, this study adopts the dynamic time series econometric technique using ARDL bounds testing approach to cointegration developed in Pesaran et al. (2001) . The bounds testing approach is superior to previously used cointegration techniques, i.e., twostep residual-based approach of Engle and Granger (1987) and system-based reduced ranked regression approach of Johansen (1995) in two ways. (i) It has an ability to determine the long-run relationship between underlying vectors when it is not sure whether the series is trend or first differenced stationary (Pesaran et al. 2001) . (ii) The ARDL bounds testing procedure is also appropriate for small sample size (Shahabaz et al. 2012a) . (iii) This approach provides short-run as well as long-run empirical evidence simultaneously without losing information of long-run results. The bounds testing approach to cointegration is restricted to provide efficient results once single cointegration relation prevails between the series. This cointegration approach automatically solves the issues of serial correlation and endogeneity (Shahbaz et al. 2015a) . The decision to reject null hypothesis of no cointegration is based on the two sets of asymptotic critical bounds 5 (include upper and lower critical bound values) regardless of regressors which are I(0) or I(1). Thence, the ARDL bounds testing approach to cointegration is considered as the robust technique to empirically investigate the long-run relationship between trade openness and CO 2 emissions in case of Malaysia. Furthermore, the ARDL test equation is derived using dynamic unrestricted error correction model (UECM), which is as follows:
Here, Δ represents the first difference operator, T denotes deterministic time trend, and μ it is the residual term. The lag length selection is an important procedure. Therefore, following Shahbaz et al. (2013a, b, c) , the order of lag length is selected based on the Akaike information criterion (AIC). Pesaran et al. (2001) suggest joint significance F test on the coefficients of the lagged level variables to conclude the long-run relationship. The null hypotheses of no c o i n t e g r a t i o n i n E q . 3 a r e d e f i n e d a s H 0 :β 2 =β 3 =β 4 =β 5 =β 6 =β 7 =0, against the alternative hypotheses of cointegration H a :β 2 ≠ β 3 ≠β 4 ≠ β 5 ≠β 6 ≠β 7 ≠ 0. The null hypothesis of no cointegration is rejected if the calculated F-statistic exceeds the upper critical bound limit and it confirms the long-run relationship. However, if the calculated F-statistic falls below the lower critical bound value, the null hypothesis of no cointegration is accepted, and it concludes that there is no long-run relationship among the variables. The Fstatistic between upper-and lower-bound values reflects that the results are inconclusive.
Subject to the existence of cointegration relationship, the causality analysis is an important component that explores the causal link among the variables. In such thrust, we apply Granger causality test in a lagged error correction model (VECM). The test equation of the VECM Granger causality approach is as follows: 4 We have converted annual data into quarter frequency using quadratic match sum method (see, for more details, Shahbaz et al. 2014c) . 5 For more details, see (Pesaran et al. 1999 (Pesaran et al. , 2001 
Besides the variables in the above equation, (1−L) denotes difference operator and ECT t-1 represents lagged errorcorrection term taken from the long-run relationship. The terms ε 1t ,ε 2t ,ε 3t ,ε 4t ,ε 5t and ε 6t are the residuals. These stochastic terms are assumed to be homoscedastic. The statistical significance of the coefficient of lagged error term, i.e., ECT t− 1 , shows the long-run causal relationship causal relationship between the variables. The statistical significance of F-statistic via Wald test including differences and lagged differences of independent variables incorporated in model confirms the short-run causality. The joint long-run and short-run causality is confirmed by the statistical significance of the lagged error term with differences and lagged differences of the variables incorporated in model. For instance, b 12,3,i ≠0∀ i implies that scale and technique effects Granger cause CO 2 emissions, and scale and technique effects are Granger cause of CO 2 emissions shown by b 21,3,i ≠0∀ i . Table 1 explains the descriptive statistic analysis. We find that variations are high in trade openness compared to CO 2 emissions. Economic growth's variations are less compared to capitalization, and energy consumption is more volatile compared to economic growth. Furthermore, the Jarque-Bera statistics confirm the normality of trade openness, economic growth, energy consumption, capitalization, and CO 2 emissions. This shows that all the series are suitable for further empirical analysis.
Results and their discussion
The next step is to test whether unit root problem exists between the variables before applying the cointegration approach for long run. We have overcome this issue by employing augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests. The results are shown in Table 2 . The results of ADF test indicate that all the series are found non-stationary at level accommodating intercept and trend. After first differencing, CO 2 emissions (ln C t ), economic growth (lnY t ), energy consumption (lnE t ), composite effect (ln K t ), and trade openness (lnO t ) have been stationary. It reveals that the variables are integrated at I(1). The PP unit root test also confirms these findings.
The results provided by ADF and PP may be ambiguous because these tests are unable to capture the information of structural breaks occurring in the series which may be cause of unit root problem. We have solved this issue by applying the unit root test developed in Zivot and Andrews (1992) that accommodates the information for single unknown structural break in the time series data. The results are reported in Table 2 . We noted that CO 2 emissions, economic growth, energy consumption, capitalization, and trade openness contain unit root problem at level in the presence of structural breaks. These structural breaks in CO 2 emissions, economic growth, energy consumption, capitalization, and trade openness occurred in 1989Q 2 , 1991Q 2 , 1993Q 3 , 1997Q 1 , and 1992Q 2 , respectively. The Malaysian government implemented numerous economic policies such as environmental auditing in 1989, sixth 5-year plan, i.e., 1991-1996, electricity reforms in 1993, liberalization and privatization sector reforms for improving capital infrastructure in 1997, and ASEAN Free Trade Agreement (AFTA) in 1992, respectively, to improve the performance of Malaysian economy. The variables contain stationarity at first difference by The unique order of integration of the variables leads us to employ the bounds testing cointegration approach for examining long-run relationship between the variables while accommodating information about structural breaks in the series. Furthermore, the selection of appropriate lag does matter while investigating the cointegration between the series. We have used Akaike information criterion (AIC) for lag length selection due its superior properties and explanatory power. The results are reported in the second column of Table 3.   6 For cointegration, we employed the ARDL bounds testing approach and the results are reported in Table 3 . While using CO 2 emissions and energy consumption as dependent variables, bounds testing F-statistics are higher than critical upper bound at 5 and 1 % levels, respectively. This leads us to reject the hypothesis of no cointegration. We cannot reject the null hypothesis of no cointegration, as we used economic growth, composite effect, trade openness, and comparative advantage effect as dependent variables. We note the presence of cointegration between trade openness and CO 2 emissions by incorporating economic growth, energy consumption, composite effect, and comparative advantage effect for Malaysian economy.
We have reported the long-run results in Table 4 after confirming the cointegration between the variables. We find that scale effect has positive and technique effect has negative impact on CO 2 emissions. At 1 % level of statistical significance, the results show that while attaining the economies of scale, 1 % increase in income casts 2.26 % of CO 2 emissions. However, when economic transition shifts due to technological change are considered, the positive effect turns into negative where 1 % increase in income reduces CO 2 emissions by 0.17 %. It shows that the relationship between linear (scale effect) and non-linear (technique effect) in terms of real GDP per capita and CO 2 emissions is inverted U-shaped which further confirms the existence of EKC hypothesis. The results are similar to Copeland and Taylor (1994b) who study the environmental effect of north-south trade and contrasting to Cole (2006) who found that trade openness boosts energy consumption that ultimately degrades environmental quality in long run. Our empirical results suggest that increased in economic activity does not pare down environmental quality because income effect encourages newer technology adoption and leads to cleaner production in Malaysia. Furthermore, the empirical presence of the EKC is supported by the findings of Saboori et al. (2012) , Saboori and Sulaiman (2013) , and Lau et al. (2014) but Begum et al. (2015) who also reported the absence of EKC in case of Malaysia. Energy consumption is positively and significantly associated with CO 2 emissions. Keeping other things constant, a 1 % increase in energy 6 We have inserted dummy variable for each variable while considering it as dependent variable. Lag length and bandwidth of variables are shown in small parentheses for ADF, PP, and ZA unit root tests *Significant at 1 % level of significance Environ Sci Pollut Res (2015) 22:20131-20142 consumption increases CO 2 emissions by 0.35 %. This empirical evidence is same as reported by Saboori et al. (2012a, b) , Saboori and Sulaiman (2013) , Shahbaz et al. (2013a, b, c) , Lau et al. (2014) , and Begum et al. (2015) for Malaysian economy. The impact of composition effect on CO 2 emissions is negative and significant. The results show that 1 % increase in composition effect (capital-labor ratio) leads to decrease CO 2 emissions by 0.57 % keeping all else same. This finding is consistent with Tsurumi and Managi (2010), but contrasting to Cole (2006) who reported that composition effect is positively linked with energy intensity and leads to CO 2 emissions. This notion further enumerates that change in the composition of production line (i.e., adoption of less capital intensive means of production) in presence of technique effect reduces emission intensity. Trade openness has negative and significant effect on CO 2 emissions. It is noted that a 1 % raise in trade openness declines CO 2 emissions by 0.69 % by keeping other things constant. It reveals that the environmental friendliness of trade liberalization is a long-run phenomenon in case of Malaysia. Trade openness sufficiently supports technological spillover, capital formation, and institutional development in the country. The long-term national policies to increase trade volume enhance environmental quality in Malaysia. However, in comparison to past literature, our results contradict with Shahbaz et al. (2013a Shahbaz et al. ( , b, c, 2014a who noted that trade openness increases CO 2 emissions for Malaysia, Bangladesh, and Tunisia but consistent with Shahbaz et al. (2012b, c) in case of Pakistan. The positive and statistically significant relationship was found between comparative advantage effect and CO 2 emissions. These findings suggest that the reciprocal production using comparative advantage deteriorates environmental quality in Malaysia. It could be mainly because of loosing technical competitiveness in targeted industries due to outward shift of physical and human capital. It can also have positive effect on energy intensity and, hence, increase CO 2 emissions. Similarly, although partial impacts of trade openness and composite effect are negative, they are dominated by comparative advantage effect which increases CO 2 emissions. The impact of dummy variable is positive and statistically significant at 1 % level. This shows that the implementation of environmental auditing in 1989 failed to control environment from degradation. In short run, Table 5 reports that current CO 2 emissions are positively and significantly affected by CO 2 emissions in the previous period. The effect of scale effect and technique effect is positive and negative at 1 % level. Energy consumption affects CO 2 emissions positively at 1 % level. The effect of composite effect and trade openness on CO 2 emissions is negative and positive but statistically insignificant. The Critical values are collected from Pesaran et al. (2007) *Significant at 1 % level; **significant at 5 % level; ***significant at 10 % level The sensitivity analysis is also conducted to check the reliability, and the results are reported in Fig. 1 . Figure 1 shows the results of CUSUM and CUSUMsq tests. We find that graphs of CUSUM and CUSUMsq tests are between the critical bounds at 5 % level of significance. This shows that longand short-run parameters are stable and reliable (for more, see Pesaran et al. 2001) .
The results of the VECM Granger causality reported in Table 6 indicate that in long run, economic growth Granger causes CO 2 emissions. The unidirectional causality running from economic growth to CO 2 emissions confirms the presence of environmental Kuznets curve (Narayan and Narayan 2010) . Composite effect uses cause CO 2 emissions in Granger sense. The unidirectional causality exists running from trade openness to CO 2 emissions. These empirical results are same with Lau et al. (2014) for Malaysia, but Arouri et al. (2014) and Tiwari et al. (2013) note the bidirectional causality between trade openness and CO 2 emissions for Thailand and India, respectively. Comparative advantage Granger causes energy consumption and CO 2 emissions. The feedback effect exists between energy consumption and CO 2 emissions. Trade openness, composite effect and comparative advantage effect Granger cause energy consumption. Economic growth causes energy consumption in Granger sense.
In short run, the bidirectional causal relationship is found between economic growth and CO 2 emissions. Energy consumption Granger causes CO 2 emissions, and as a result, CO 2 emission Granger causes energy consumption. The feedback effect exists between economic growth and energy consumption. Composite effect Granger causes energy consumption (economic growth) and as a result, energy consumption (economic growth) Granger causes composite effect. The relationship between trade openness and economic growth is bidirectional. Energy consumption and economic growth Granger cause trade openness and same is not true from opposite side, but trade openness Granger causes comparative advantage effect. The bidirectional causality is found between trade openness and composite effect.
Conclusion and policy recommendation
We have investigated a question whether trade openness impedes environmental quality or does not in case of Malaysian economy over the period of 1970QI-2011QIV. We have used CO 2 emission function by incorporating scale effect, technique effect, energy consumption effect, composition effect, trade effect, and comparative advantage effect. In order to test the unit root properties, we have applied the ADF and PP unit root test. The bounds testing approach to cointegration is employed to test the presence of cointegration relation among CO 2 emissions, scale effect, technique effect, energy consumption effect, composition effect, trade effect, and comparative advantage effect. The results indicated the confirmation of long-run relationship amid the series. The scale effect increases CO 2 emissions, but technique effect reduces CO 2 emissions. Energy consumption adds in CO 2 emissions. The composition effect lowers CO 2 emissions. Trade openness (trade effect) lowers CO 2 emissions, but comparative advantage effect increases CO 2 emissions. The causality analysis reports the bidirectional between energy consumption and CO 2 emissions. The composition effect, trade effect, and comparative advantage effect cause energy consumption and, hence, CO 2 emissions.
In the context of policy implications, the empirical findings of this study suggest that income works under self-correcting 7 We have not reported a stability test just to conserve space. The long-run and short-run models do not face the problem of non-normality, serial correlation, white heteroskedasticity, and functional form. (2015) 22:20131-20142 mechanism, where environmental quality lost due to scale effect is improved later due to technique effect. This notion suggests that the existing environmental policies sufficiently reduce environmental consequence of economic development in Malaysia. However, the positive causality running from trade openness, composition effect, and comparative advantage to energy consumption alerts toward structural policy gaps in case of Malaysia. The composition effect in energy sector could possibly be the key underlying factor as per our best of knowledge. The replacement of conventional energy sources with renewable/alternate energy may not necessarily reduce CO 2 emission unless technique effect adequately supports the composition effect. It means that the adoption of updated technology is equally important while shifting from conventional to renewable energy sources in order to maintain efficiency level.
In addition, results also reveal that trade liberalization policy should be continued as it supports economic growth and reduces emissions in long-run path. This notion further signifies that trade openness helps in gaining the comparative advantage and composite effect in case of Malaysia. These findings allow policy makers to divert the trade-induced technical change and investment inflow toward sustainable development goals by using appropriate policy tools. Reforms in energy sector are vital to reduce the negative environmental consequences of economic growth in Malaysia. This study does not only fill the existing gap on the literature of emission-growth nexus, but also provide sufficient policy support toward environmentally sustainable economic growth in case of Malaysia.
Moreover, our study offers two key innovative points in the existing literature on EKC hypothesis; first-it concludes the 
